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INTRODUCTION

During the past two decades very many articles have appeared
in the foreign press on the problem of the rapid searching of
information. The first group of articles of this kind, quite con-
siderable in number, were mainly figurative and popular expo:
sitions of the difficulties which led to this problem *. The doubl-
ing of the contents of libraries every 15 to 20 years, the ever
increasing expenditures on the search for previously obtained
data prior to any scientific research and many other facts aroused
the apprehension that unless the methods of literature searching
were radically improved, mankind would soon be flooded by the
ever growing inflow of information. The suggestions put forth
to meet this problem included mechanization of literature search-
ing and the development of a suitable system of handling and
recording the substance of the information and the question data.

The second group of articles published on this subject con-
tained descriptions of such improved searching methods for indi-
vidual limited branches of information. These included mainly punch-
ed cards with notched edges sorted manually by means of needles;
superimposed punched cards, examined against the light; and
punched cards, sortéd on ordinary sorting machines **. The index
data used for literature searching were bibliographical charac-
terictics (year, country, author, etc) and subject headings taken
from preliminary compiled lists. For each particular case the ar-
ticles would give these lists (at least partially), and would describe
the method of encoding the characteristics and distributing them
among the fields of the card (the card model).

These methods were found satisfactory for some individual
limited branches of information and for individual use, but they
could not be applied when it came to broader branches, due to

* Among Soviet authors, see JI. W. yrenmaxep. «K sonpocy o MaUWHHHOR
TEXHHKe Hay4YHOR HHQpOpMauun». BecTHuxk Axanemun Hayk, Ne 8, 1952 roa.

s+ For further information of the use of punch cards and bibliography,
see R. S. Casey and J. W. Perry.«Punched cardsy New York, 1951.
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insufficient mechanization and, mainly, to insufficient standardi- -
zation of characteristics’ and the difficulty of revealing the diver-
sified relations between them. Thus, ‘the general problem of
literature searching - fell into the problem of the mechanization
of searching — the engineering of information machines and the
problem of the development of a special information (machine)
language, which would reflect all the relations between informa-
tion characteristics, and the translation of information .and ques-
tion data into that language, i. e. indexing.

Fig. 1

If the development of an information machine for ordinary
language is not practicable in the near future, this should not be
very difficult for any not too complicated information language,
especially in veiw of the achievements attained in the design of
~modern computing machines. It is natural, therefore, that nearly
all the rest of the articles, not included in the first two groups,
were devoted to the solution of this problem. There appeared des-
criptions -of and brief information on the use of improved punched
card sorting machines (the IBM Co. electronic statistical ma-
chine (fig. 1), J. Samain’s first selector (fig. 2), etc.) and of
specialized selecting machines (J. Samain’s second Filmorex
selector (fig. 3), the V. Buch microfilm selector (fig. 4),
H. P. Luhn’s machine). There were also indications as to the
possibility of employing modern computers (UNIVAC, etc.) for .

—_ 4 —.

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9



Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9

literature searching purposes. Projects have been suggested of
still more complicated and perfect information machines, capable
of handling millions of information elements in a very short time.
Just recently there appeared a communication * concerning a new
very flexible system of information storage and searching deve-
loped by the Kodak Co., in which the information is recorded
on 16X32 mm minicards.

Fig. 2

It was much worse with the solution of the complicated prob-
lems, the development of a special information language and
_ indexing. Only a small number of articles by M. Taube, J. W. Per-
ry et al. were devoted to this problem. At the same time, the lag in
the solution of these problems obstructed the effective mechani-
zation of literature searching in the broad branches, even though
highly efficient information machines already existed. All this
somewhat sobered the over-optimistic adherents of such searches,
who saw the solution of the entire problem almost exclusively
in the development of .a sufficiently efficient information machine,

* A. W. Tyler, W. L. Myers, J. W. Kuipers.«<The Application of the Kodak
Minicard System to Problems of Documentations. American Documentation,
vol. VI, No. 1, 1955.
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and made them look more attentively into the formulation of the \

problem *, |

‘ . : ' |
- A careful examination of the prablem leads to the following )
conclusions: '

Fig. 3

* See series of articles by J. W. Perry et al. «Machine Literature Search-
ing» in American Documentation for 1954 and 1955, and also: B. IT. Uepe-
ruH. «HekoTopnie npoGneMH — JOKYMEHTallHW M MeXaHH3auus  HHQOPMa-
IHHOHHHX  noHCKOB», Mocksa, 1955 r.
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1. The development of a special information language is the
key problem among the three problems of literature searching in wide
branches of information. Especially in changing over to machine
searching the erudition of the searcher must be replaced by
a reflection of the connection between the characteristics (the

Fig 4

. words of the language) within the language Standardizing the
characteristics and finding the relations between them is a very

complicated job, closely connected with the work on terminology
and classification, which can be carried out only by a large body
of specialists. A uniform international information language
would obviously be the most valuable in this connection

—7—
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2. Certain particular branches of information, which have
a more or less ready-made information language, can do quite
well with relatively simple and inexpensive devices, such as
notched punch cards, superimposed punch cards, improved sorters,
Filmorex selectors, etc. More complicated and expensive machines
..should be built only for special information problems (with
a kndown language), requiring high operativeness and searching
speeds. :

3. The machine to be used in developing an information langu-
age for wide branches of information and in the experimen-
tal work done in this connection. must be sufficiently flexible
and capable of passing easily and quickly from one language or
code to another. Obviously, this machine need not be highly perfect,
particularly as regards capacity and finished design.

The experimental information machine described below (EIM)
was designed in the Institute of Scientific Information of the
USSR Academy of Sciences precisely for experimental work in
the development of an information language. Built on the basis
of a conventional sorter with the least possible expenditures on
reconstruction the machine, as will ‘be demonstrated below, is
capable of working with almost any language and code and is suf-
ficiently flexible to carry out all kinds of experimental searches.
Besides, after the test work has resulted in the development of
a language and code for separate particular problems, the EIM
can be modified without difficulty specially to solve these tasks
and used for regular work in various establishments and enter-
plgises, especially those already equipped with punch card ma-
chines.
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1. Information Elements, Index Data, Conditions of Selection,
Consecutive Action Machines *

Aggregates of information sought will be termed information
elements. The data in an information element are more or less
closely related. Thus, for instance, one may assume that an infor-
mation element is the aggregate of ‘information contained in
a certain article or abstract, or concerning a certain experiment,
process, substance, plant, animal or person. Thus, the information
element concept is a very conventional one, varying from case
to case.

The index data or characteristic information of an informa-
tion element to be used in searching fall into «bibliographicals
and «subject»> data. The former include all the data on the time,
place, author and other conditions connected with the origin
of the information element. The latter describe the subject mat-
ter. As a rule, each item of characteristic information is an inde
pendent unit (conception) and may serve as question data, i. e.
any one of them may become the basis for a search. In the simpl-

. est case the data contained in an information element can be
described by merely naming the information characteristics
without indicating any logical or grammatical relations between
them within the information element. While this is quite natural
for bibliographical characteristics, in the case of subject data.
such a method often results in the construction of a rather comp-
licated system of subject headings, which makes it difficult to
standardize these headings and reveal the classification relations
between them. Hence, part of the subject characteristics within
the information element must be provided with the simplest types
of grammatical relations: grouping of characteristics, similarly
to the division of an ordinary article into sections, paragraphs and
sentences; introduction of subordination of characteristics within

- groups, in analogy with the usual relations between the parts of

* For further information on the questions dealt with in the first four
paragraphs, see the article by V. P. Cherenin cited on p.6.
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a sentence, etc. The development of such a grammar 1s part of
the work on the -engineering of a special information language,
and cannot be separated from the standardization of index data
(the words of the language) and the ascertainment- of the classi-
fication relations between them. Inclusion of grammatical rela-
tions does not require any considerable changes in the design
of the machine dealt with in this article, and therefore, for the
sake of simplicity we shall assume that the information elements
can be defined by merely naming the aggregates of characteris-
tics. .

Question data are also represented either simply as aggregates
of characteristics, or in the form of characteristics in some sort
of grammatical relation with one another. For simplicity we shall
assume that in this case also there are no grammatical speci-
fications between the question characteristics. Then the basic
condition for the selection of the necessary information element
is that the question- characteristics be included in the informa-
tion element. However, a full inclusion of these characteristics
"may not always be required, and information elements may be
sought which at least approximately correspond to the specified
question. In this case the selection specification may be the pre-
sence in the information element of any m characterictics of the
total number n contained in the question. More complicated
selection conditions are also possible; for instance, one may require
the selection of the information elements which contain among
their characteristics A and B, or C, ‘positively contain D, but
should not contain E.

Thus, no matter what the selection specifications,the machine .
must compare the characteristics of the information element with .
those of the question specified. If the characteristics of the ques-
tion are matched with the characteristics of many information
elements at the same time the machine is a parallel action type;
if the characteristics are matched consecutively with separate
information elements, one by one, the machine is a consecutive
action type. The consecutive action machine is capable of fuller
comparisons, not only of the characteristics themselves, but of
the srammatical relationships between them as well. Although
the search rate of /these machines is lower than that of the paral-
lel action types, they require a minimum of equipment to effect
the matching, since only one information element is compared
with the question each time. The EIM machine is of the conse-
cutive action type, and hence, parallel-action machines will not -
be discussed in this article.

Any consecutive action machine must contain:

a) a carrying or switching device to match the information
elements one by one with the question characteristics;

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9
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b) a device for scanning the characteristics of the informa-
tion element;

c) a storage unit to hold the characteristics of the question;

d) a device comparing question characteristics with those of
the informatjon element;

e) a selecting device, consisting of elements registering the
results of matching and the fulfilment of the selection conditions,
and of an executive organ which separates the information .ele-
ments required from those not required.

In order that the machine should perform these operations
it is necessary to render the characteristics both of the informa-
tion element and the question in coded form to make them avail-
able for ‘machine scanning. The coded index data of the infor-
mation element are introduced into the machine on a so-called
medium (film, magnetic tape, paper tape, punch cards, etc.),
while the coded data of the question are kept in the storage
device. Next to the symbol for the index data of the information
element may be not only the name (number) of that information
element, but also a full description of the data contained in the
element in legible form (written by hand, typed or printed, in
the form of a microfilm image, etc.). The sections of the medium
corresponding to the required information elements are either
separated out directly by means of the executive organ, as is the

" case with the punch cards in the EIM machine, or are photo
graphed, or their content is re-recorded.
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2. Coding

The codes discussed below may be applied in devices of any
kind; however, having in mind the EIM, we shall deal specially-
with the possibility of representing index data as groups of holes
punched in an ordinary 80 column card (fig. 5).

Each item .of index data is represented singularly on the
punched card and in the storage device, firstly by the configu-
ration of the code symbols within the so-called field, and, se-
condly, by the location of this field.. The assumed code symbols
on the punch card are the holes, while in the storage unit they
are the’closed contacts of a plugboard or keyboard. We shail

. term these symbols secondary code symbols, forming a second-
ary. coded designation of an item of index data in each field,
in contradistinction to the primary code symbols and designa-
tions found in the vocabulary of the information language.

The primary code designations are indices and are, strictly
speaking, the words of the information language. They represent
regular sequences of primary code symbols, i. e. letters, digits, .
syllables, etc. written in one line. We shall term the spot occu-
pied by the «r-th» primary symbol in the index, counting from
left to right, the «r-th» rank. Let us assume that the total number

- of .primary symbols which can occupy the «r-th» rank, increased
by unity, if the absence of a symbol is not to be designated, is
q .In particular, the indices may be words of an ordinary langu-
age in a definite grammatical form: (for instance, in the No-
minative case, Singular, etc.). Thus, the indices are intermediate
forms between the usual denotation of characteristics and their
secondary coded designations; having the clearness and legibility
of the former, they at the same time quite reflect the latter, i. e.
are in a way instructions used by the operator in entering the
secondary code designations on the punch card and in the storage
unit. Thus, for instance, if the punch card field consisting of one
bit at the intersection of column 6 and line 9 is assigned to the
item <«automobile» according to a direct code (see below), the
index may be <D, 6, 9». If the item is encoded according to

12—
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a ndn-local alphabetic code (see also below), providing for entry
of a 7-letter expression in each field, the index might be, for in-
stance, «automobs», etc. ' ) :

Returning to the secondary code designations, let us see,
first of all, how codes may be subdivided according to field lo-
cation. Evidently, the following. 4 cases are possible: the coded
items differ only in the configuration of the code symbols, entered in
a 'single field, common to all characteristics (superpositional
code) or in separate fields for each characteristic, independent
of the location of the latter (non-local code); the coded
items differ only in the location of the fields assigned to
them (direct code), only two configurations of symbols being
possible -in each field, to denote the presence or absence of the
characteristic; and finally, the coded items may differ both in
[ield location and symbol configuration (local code).

In the case of the superpositional code, when all the fields
of the separate characteristics coincide, i. e. are superimposed,
parasitic symbol configurations are apt to form, corresponding
to characteristics which actually are not present in the informa-
tion element. This leads to the selection of superfluous, unneces-
sary information elements- when making searches, and hence,
the use of this code is undesirable. In this case the characteris-
tic  question data are entered in the -storage unit also
by - the superpositional - code 'in a single common, field.
When matching (to see- whether the question characteristics are
or are not present among the index data of information elements)
all those cards are selected which contain the specified plurality
of holes among their holes. - -

When using a direct code each bit of the punch card (and
each respective bit of the storage device) is made to correspond
to a certain characteristic. The bit will be punched only on those
cards which correspond to information elements containing the
characteristic it represents. Since the total number of bits on
the card is 960, the direct code may be used to record not more
than 960° characteristics. It is advantageous when the information
elements contain many characteristics out of a comparatively
small aggregate- total; othérwise the necessity of reserving place
_for  the absent characteristics"results in the punch card not being
fully utilised: Obviously, in this case also, matching results in
‘the selection of all the cards which contain thespecified plurality
of holes among: their holes. et C

The direct code is a particular case of the local code. The
latter is used when any characteristic may have not two values
(present or -absent), as is'the case with the direct code, but many
mutually exclusive values. For instance, the year or place of pub-
lication of an article are just such groups of mutually exclusive

— 14 —
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characteristics. Mutual exclusiveness of the characteristics means
that any information element may contain not more than one
characteristic of each group. A separate field of the punch card
is assigned to each group of mutually exclusive characteristics,

the location of this field determining the group, and the symbol
configuration — the characteristic itself or its absence. The local
code is advantageous when the information elements as a, rule
. contain characteristics from almost each group. Then almost no
' fields are left unoccupied on the punch card. The question data.
are also recorded according to the local code. When matching,
those cards are now selected on which the plurality of holes
in the fields corresponding to those containing the question cha-
racteristic in the storage unit coincide with the plurality specified.

The non-local code ‘is, for the majority of problems, not only
the. most highly manipulative, but also the most compact, since,
unlike the local and direct codes, in using this code only those
characteristics are entered and take up ‘space on the card, which
have been assigned to the given information element. The fields
assigned to the individual characteristic items. may be arranged
arbitrarily on the punch card, as long as they can be scarined
consecutively in matching. The question data are also entered
according to the non-local code in separate fields of the storage
-unit. Each pair of characteristics is matched, one from the field
of the punch card and one from the field of the storage unit, to
reveal coinciding symbol configurations. Depending on the se-
lection specifications, when matching, information elements may
be selected containing all the characteristics specified in the
question data, or a certain predetermined number of them. The
number of pairs to be matched obviously equals the product of
the number of characteristics on the punch card by the number
of characteristics in the storage unit.

All the codes described may also be used simultaneously; in
this case the card and the storage unit are subdivided into superpo-
sitional, direct, local and non-local code zones. Mixed codes,
consisting of the main codes mentioned above, are also possible.
For instance, to combine characteristics into groups: (page 9)
a superpositional non-local code may be used, where several
characteristic items are entered according to the superpositional
code in each of the fields mapped out for characteristic groups
according to a non-local code. A superpositional local code
is also possible when the characteristics are not entirely exclu-
sive, and a local-non-local code, when the characteristics, entered
according to the non-local code are preliminarily grouped, each
group having its own zone of the non-local code. etc. The EIM
can operate with all these codes, with one limitation concerning
the configuration of the symbols, which will be described below.

— 15 —
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\ . _ In encoding the characteristics within the fields (in the case
of the superpositional, local and non-local codes) by means of
various symbol configurations, the following two possibilities
should be distinguished above all:

a) all the configurations for a certain field consist of an
equal number of symbols (selector code) and

b) different configurations within any field may consist of
different numbers of symbols (ordinal codes, particularly, binary
codes).

Application of the selector code, as we shall see below, con-
siderably simplifies the matching unit, and for this reason the
EIM uses only the selector code. This is the limitation mentioned
above.

Since the general relationships between characteristics may
be reflected in recording iudices, and taking into account the
necessity of facilitating the operations of encoding and decoding,
it is advisable to encode the indice: rank by rank. For this pur-
pose the field of the punch card and of the storage unit is divided
up into sections, the number of which equals the maximum num-
ber of ranks the indices entered in that field .may have. A mu-
tually single valued correspondence is established between the
sections and the ranks. Then each- section is subdivided into
bits, in each of which one secondary code symbol can be entered.

- The number of bits in the «r-th» section, g, depends on gr
(p- 12). In the case of a selector code, where any primary code
symbol is expressed always by an equal number of secondary
?odeI symbols vy, for its rank, the following condition must be
fulfilled: :

A\
r
Cr =4,

In case of a binary code, where the primary code symbols
may be expressed by different numbers of secondary code sym
bols, the corresponding condition is: :

28, =q

When a non-local code is used all the jields of the same zone
consist of an equal number of bits and are divided identically
into sections. The fields of a local code zone may consist of dif-
ferent numbers of bits and be divided differently into sections,
small fields not being necessarily divided into sections at ~all.
With the superpositional code there is only one field and, a single
division into sections. T
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3. Example of a Punch Card Model

In order to illustrate the various systems of coding we shall
consider one imaginary example.Let us assume that the inform-
ation elements are the medical records of the patients of some
large medical institution, say, a tuberculosis or onkological in-
stitute. Then zone I (fig. 6) could be used to record, by means
of a local code, all «bibliographical» characteristics: year, unit
history number, the patient’s name, age, sex, nationality, étc.,
as well as the symptoms and average anatomo-physiological
examination data over the entire period of the disorder, which
have many mutually exclusive values, such as blood pressure,
pulse, blood and gastric juice analysis data, etc. Symptoms of
the disorder which ‘take only two valiies — presence or absence —
such as general lassitude, high fatiguability, absence of appetite,
disposition to perspire, etc. are recorded using a direct code, in
zone Il. Zone III is set aside for the names of all the physicians
attending the patient, entered by a superpositional code. Zone 1V
may be employed to record, by means of a non-local code, all
the diagnoses (preliminary, clinical and pathologo-anatomical)
and the prescriptions and treatment assigned (medicines, ope-
rations, etc.). ‘

Any set of rules will do for entering characteristics in the
fields, as long as the code is of the selector type. Thus, for in-
stance, fields holding names could be divided into 7 sections.
-each (according to thc number of columns) and the correspond-
ing letter of the name could be entered as two holes out of the
twelve possible. The number of possible combinations would then
equal C2,,=66, which is quite enough for recording the 32 letters
of the alphabet * (which are identical primary code symbols for

* This refers to the Russian alphabet, which has 32 letters —Tr.

— 17 —

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9



—y——

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9

all the ranks) and one primary code symbol designating the
absence of a letter (qr=233; gr = 12; Yr=2), as is shown, for
instance, in fig. 7. The choice of separate columns of the card
as sections is not the most economical method, but has the
following advantages:

a) the primary code symbol corresponding to each column
can be printed at the top of the column;
~b) punching is facilitated, since ordinary card punches (al -.
phabetic) may be used;

c) the punched cards can be arranged in lexicographical order
(alphabetic, for instance) with respect to the symbols in one or
several columns, by using a conventional sorter.

It would be more economical, for instance (fig. 8),to divide
the fields mentioned above into- sections of 7 bits each (gr =7;
Yr=13; C%=235>qr=233). In this case|the name indices
could consist of the first 12 letters of each name instead of 7,
and the sections could be arranged horizontally, each line serv-

ing as one section.

Each bit of zone II corresponds to a definite symptom. If
a symptom is recorded in the medical record. a hole is punthed
in the respective bit of the respective punch card. Thus, some
cards may have almost all the bits of this zone punched. .

Since the cards may have to be sorted according to year
and unit history number, the field in which the year is to be
yocorded, and the section of the field of zone I used for the unit
history number may be separate columns. By punching in each
column only one position corresponding to the digit in the rank
it represents (qr=10; gr = 12; Yr=1), we can enter any five-
digit number, representing the unit history number, and the
last digit of any year of the decade under consideration. Ob--
viously, this is also not the most economical way of utilizing the
fields. For instance, the field for the patient’s age consists of
two sections of 5 bits each, which makes it possible to record any
number from 0 to 99 by punching two holes in each section
gr=5; Yr=2; C% = 10=q,), as is shown in the two variants
in fig. 9. The fields for recording the patient’s sex and nationality
need not be subdivided into sections. The first field consists of
two bits, which is sufficient for recording by selector code one
of the two possible indices — male or female (g =2;Y=1;Cly =
= 2 = q). The second field consists of 12 bits, making it possible
to record, depending on the value of Y accepted (Y=1, 2, 3, 4,
5 or 6) any number of C?%,, indices (the greatest number being
C8,=924). The remainder of zone I, to be used for recording
symptoms, is divided up into fields and sections in a similar
manner.

— 18 —
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Zone IV consists of 12 fields, arranged horizontally, line by
line. This.arrangement complies with the above mentioned neces-
sity of scanning the fields consecutively when matching. The
fields are broken up into sections (identically this time for all
the fields) depending on the non-local code characteristic indices
(for diagnoses, operations, medicines, etc.). If the indices in
the vocabulary of these characteristics are eighti-digit numbers,
each field may be subdivided into 8 sections of 5 bits each (gy =
=5; Yr = 2; C% =10=qy). If they are made up of leters, then,
adding two columns to the zone, each field is subdivideé into
6 sections of 7 bits each (gr=7; Yr =3; C3% =35> q, = 33).
The subdivisions may be more complicated: for instance, the
first section may consist of 8 bits, making it possible to record
any of 70 primary code symbols which may appear in the first
rank of the index (g, =38; Y, =4; C% =70=gq,); the second
section may have 7 bits for recording any letter of the alphabet,
and the remaining 5 sections may be left for recording figures. Final-
ly, a less convenient, but the most economical code may be used,
by which, without breaking the fields up into sections, any of
C20, indices may be entered by punching 20 holes.

Zone 1

Field Index data

Year 1953 . 3 Clyo

Unit history number 10579 10579 .

Name and initials K. I. Kopundckas K. I'. Kopungckaa |C3 (fig. 8)

Sex ' female : n Cly

Age : - 58 58 C2; (fig 9b)

Nationality Russian 0,1,2345 [Chy

Blood pressure:
a) upper 135 - 135 C?; (fig. 9a)
b) lower ' 70 70 |

Pulse . 72 072

Erythrocyte sedimen-| !
tation test y 43 3

Free HC! in gastric
juice 0 00

etc.

— 94 —
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Zone 11

Index data

Pain

Loss of weight
Absence of appetite
General lassitude

Filling deficiency in stomach when
X-rayed

etc.

Zone II1
Index data _ Index Code

Koctuna Koctuwa C2; (fig. 7)
MaryaeHko - ) Maryanen
Ilnpouenko ilinpouen

etc.

Zone IV »
Index data | | Index Code

Achyllic gastritis LK 12437 C4; C% (fig. 8)5°
Cancer of the stomach L)X 12780 C2s (fig. 9a)

Secondary anemia QK 57992
Fibrous pulmonary tuberculosis RJI 37865
Metastasis in the liver LIT 12754
Sub-tptal resection of the stomach L'X 12795

Symptomatic therapy (morphine) WC 25639

etc.
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Fig. 10 shows the punch card for a certain concrete (again
imaginary) medical record. In order to make clearer the use of the
codes described above, let us see how some -of the index data of
this medical record are encoded.

The indices of the characteristics, together with the headings
of the fields (in the case of zone I) and the selected codes, as
has been mentioned above, fully reflect the positions of the holes
punched on the card. This can readily be seen if the indices in
the above tables are compared with the holes punched in the
card shown in fig. 10. There are, however, a few details which
should fe explained.

Note, first, that in the model the section sequences of the
fields of the card, corresponding to the first, second, third, etc.
ranks of the index may be arranged either from top to bottom
(K. I'. Kopundckas, age 58), or from left to right (No. 10579,
Er. sed. test, 43, Kocruna, L)X 12437, etc.), or in both ways
alternately (pulse 072, upper blood pressure 135). Obviously,
-any type of correnspondence between ranks and sections may be
accepted, as long as it is convenient for the operator and for
decoding (reading). :

The indices 11 (sex) and 0, 1, 2, 3, 4, 5 (nationality) of zone I
denote the position numbers in the respective fields in which the
holes are’ to be punched. Similarly, for zone II the first number
in the index denotes the column number, and the second — the
line number. o -

In entering characteristics according to the superpositional
code in zone III we come across the above mentioned superposi-
tioning of symbols. Thus, for instance, the holes in this zone make
up the name «Jlokxusa» and a number of others. However,
this is no predicament in our case, since the probability of phy-
sicians with such names working at the institution under con-
sideration is very low. Evidéntly, the greater the number of
characteristics recorded in zone III, the greater will. be the
number of such superfluous, unnecessary names. Thus, the usu-
ally small number of physicians attending each patient is also
a favourable factor. These questions can be studied in greater
detail by applying the probability theory.

The indices of zone IV are recorded, as is known, in separate
lines of the punch card in arbitrary order (on the card under
review they are recorded in the same order as the characteristic
information in the text). It is assumed that the characteristic
information to be entered in this zone has been systematized and
is listed together with the corresponding symbols in a special

vocabulary. In our example the first rank of the index may be
any one of 70 different arbitrary symbols (Ct = 70), the second

o — 26 —
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may be any letter of the alphabet, and the rest of the ranks are
numerical digits. . . ;

Searches of the medical records may be made on any questions
or sets of characteristics, both for statistical (e. g. to find the
number of Ukrainian women aged between 40 and 49 treated at
the institute in 1951 for cancer of the esophagus), and for sci-
entific purposes, for instance, to establish the relationships bet-
ween symptom complexes and disorders, or to find similar
medical records, etc. It would be useless in this article toelabor-
.ate on the expediency of the various questions that could be
put, since the authors are not specialists in medicine, and have
taken the above example, as has been mentioned before, not
irom practical experience, but just as an illustration *. A similar
remark should be made concerning the model described (fig. 6),
in which a great variety of field arrangements and hole confi-
gurations (codes) have been employed purposely for the sake
of illustration. The work of the punch operator would be greatly
facilitated and accelerated if a smaller number of codes were used
and the symptom fields in zone I arranged more conveniently (for
instance, vertically instead of horizontally).

Thus, the final (work) model of the punch card may differ
very greatly from the above. For other purposes the models may
be entirely different — some of the zones may be missing, or several
non-local code zones may be included, the subdivision of the
zones into fields.and the fields into sections may be different,
etc. The main point we should like to emphasize, however, is that
the EIM can work with any model at all, without entailing chang-
es in design, since the operation of matching. the index data
on the punched card with the characteristics in the storage unit
is the same, irrespective of the model. S :

3

* An analogical application of punched -cards (using a much simpler
model) at an American hospital- is described  in an article - by F.:Bradley,
C. O. Vermillion, W. Anderson, «Medical Reconds on Punch Cards». The
Modern Hospital, vol. 82, Nos. 4, 5; 1954. :
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4. Principles of Matching Index Data

Since the location of the fields of different characteristics
recorded according to the superpositional, direct and local codes
is known, these characteristics can be matched by merely estab-
lishing a single valued correspondence between ‘the bits of the
punched card and those of the storage unit, and matching the
symbol configurations on the punch card with those in the sto:
age unit. In this case: all the fields can be matched simulta-
neously, the results for all the characteristics being registered
in a single registering element. When a non-local code is used, the
line of the punch card in which the field of any given charac-
teristic may be located, is not known. Therefore, in this case
each of the characteristics on the card must be matched con-
secutively with all the characteristics in the storage unit. The
results of individual matchings made in the course of one run
of the card are registered separately for each characteristic of the
storage unit by means of its own registering element. Since each
pair of matched fields have equal dimensions, a single valued
correspondence is established between the bits of these fields
also, and it is again the symbol configurations that are matched.

As has been mentioned above, with superpositional and direct
codes the symbol configurations are matched tor inclusion,
i. e. it is established whether the plurality of holes in the card
includes the given hole plurality corresponding to the plurality of
code symbols in the storage unit. In the case of local and non-
local codes they are matched for coincidence of pluralities on
the fields matched. Matching for inclusion is much simpler with
all devices than matching for coincidence. It can easily be seen,
however, that when using a selector code the results of matching
for inclusion are identical with those of matching for coincidence,
since the pluralities matched always contain the same number
of hlcl)jes. This is why only selector codes are used in the EIM
machine.

Now let us see how characteristics ot superpositional, direct
and local code zones are matched. We shall assume that these

— 98 —
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three zones take up a part of the punched card consisting of
a certain number of complete columns. Taking it for granted
that the fields of the storage unit in which question data have
not been specified (or even the sections in which primary code
symbols have not been specified) do not contain secondary code
symbols, we shall define the selection specification for the cards
required more accurately as follows: those cards are to be select-
ed whose plurality of punched bits M (in the. part of the card
under consideration) includes the plurality of bits containing
code symbols in the storage unit M* (the bits of the punch card
and the storage unit being identified). ’

Making use of the example discussed in the previous parag-
raph we shall explain these selection specifications for two cases
when they are and when they are not fulfilled. In the first case
let the search be made on the following question: «to find all the
medical records for Russian females aged from 50 to 59 with
no free HCl in théir gastric juice, with erythrocyte sedimentation
test showings from 40 to 49, with absence of appetite and with
filling deficiency in stomach when X-rayed, who suffered in
1953 from achyllic gastritis and secondary anaemia and were
subjected to subtotal resection of the stomach by physician Illu-
pouenko ». The question data are entered in encoded form in the
storage unit in accordance with the accepted card model (fig. 6).
A punched card containing holes corresponding to the code sym-
bols in the storage unit,is shown in fig. 11. In the second case
let the inquiry differ from the first only in dealing with men
subjected to total resection of the stomach (index — L’)K 1296).
Hence, the punched card for the second question, which is shown
in fig. 12, differs from the first only in that the 12th position
of column 14 is punched instead of the 11th, and that the hole
of the lower characteristics in the last section is in column 80
instead of 79.

If we riow check the fulfilment of the selection specification
for the card shown in fig. 10, ignoring the right half of the card,
then by matching the plurality of holes (M) contained in the
first 40 columns of the card with the plurality M * contained in the .
first 40 columns of the cards shown in figs. 11 and 12, it will be
seen that in the first case M includes M *, whereas in the second
case it does not. Hence, for the data specified by the first ques-
tion and recorded in the first three zones, the punched card is
selected, while for the data of the second it is not, in accordance
with the meaning content of the two questions.

Since tne scanning unit of the EIM machine consists of
80 bruches, under which all the 12 lines (positions) of the punch-
ed card pass consecutively, the fulfilment of the selection spe-
cifications is checked in the course of 12 strokes. During the <i-ths
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stroke the bit pluralities M and Mj* of the «i-th» line of the
‘punched card and the storage unit will be matched. The matching
of the two lines is- based on the easily proved thesis that the in
clusion of M;* in M; is equivalent to non-intersection between
the pluralities M and M;*, where M, is the plurality of unpunched
bits in the line, supplementary. to the plurality M;. In order to find
whether these pluralities intersect or not, all the brushes in the
storage unit corresponding to the bits of M;* should be connected
to the registering element, and the wiring should be set up so
that at the moment of matching current pulses could go through
to the registering element only from brushes which do not make
contact with the contact roll through a hole punched in the card,
i. e. from brushes corresponding to the bits of Mj. Then, if M*
and M; intersect, the registering element will be energized, while
if they do not intersect, no current pulse will be sent to the
registering element, and the latter will not be energized. If the
registering element is not energized in any of the 12 strokes,
the pluralities M and M* have not intersected, i. e. M includes
M* and the selection specifications are fulfilled.

Thus, for instance, for the first question (fig. 11) all the Mj
shown in fig. 10 include M;* and the registering element will
not be energized at all. For the second question only M, does
not include M2 * (M,; intersects with M,; only in one bit in column
14), but this is enough for the registering element to be energized
and register non-fulfilment of the selection specifications.

The main difficulty in carrying out such a matching operation
is the necessity of evolving, i. e. matching one by one, the lines
of the storage unit (the lines of the punched card are evolved
automatically as the card moves under the brushes). On the
basis of the foregoing, the introduction of any line of the storage
unit into the matching operation reduces to connecting the
brushes corresponding to the bit plurality Mi* in the «i-th»
stroke to the registering element. The use of a large number of
relays, selectors, etc. for this purpose involves a very large
number of contacts (up to 960), while the use of a question
card rotating past a second set of brushes would require ‘sub-
stantial changes in the design of the sorter on which, the EIM
machine is based. Besides, such a solution would be of no use,
as we shall see further on, in matching index data recorded by

. a non-local code. The method accepted for the EIM machine con-
sists in joint interplugging of the brushes into groups corres-
ponding to each plurality Mj*, each group being subsequently
switched to the registering element by means of only one cam
contact or relay. Obviously, the brushes must be interplugged
through intermediate elements, since connecting the brushes di-
rectly would give rise_to by-pass circuits.
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In case of a non-local code zone consisting, as before, of
a certain number of complete columns, each line of the punched
card (rather, the part of the line belonging to the zone in
question) must be matched not only with the corresponding line
of the storage unit, but with all its lines. In matching each
pair of lines—the «i-th» line of the card (i=0, 1, ..., 9, 11, 12) and the
«j-th» line of the storage unit (j=1, 2, ..., K, where K is the
number of characteristics in the question) — the inclusion of
the plurality Mj* of  bits containing code symbols in the «j-th»
line of the storage unit, in the plurality M; of punched bits in
the «i-th» line of the punch card is checked, as before. The match-

" ing is carried out in exactly the same way as described above,
by determining whether the pluralities M; and M;j* intersect.
Thus, if the registering element is. not energized when M; and
Mj* are matched, Mj includes Mj*, i. e. the characteristic re-
corded in the «j-th» field of the storage unit coincides with the
«i-th» characteristic of the punched card.

Since the specifications for the selection of the desired cards
in the case of a non-local code are of a more complex nature
than the simple requirement of inclusion of all the characteristics
specified in the storage unit within the aggregate of index data
entered on the card, each characteristic in the storage unit has
its own assigned element which registers the inclusion of that
characteristic in the index data on the card. This also solves
the probem of evolution —the matching of all the lines of the
storage unit with each line of the card. Each line of the card is
matched in this case at once with all the lines of the storage
unit simultaneouly interplugged through intermediate elements
with the groups of brushes corresponding to the pluralities Mj*
and with their individual registering elements. During each run
it is thus found which of the registering elements failed to be
energized for at least one line of the punched card, thus revealing
which of the -characteristics in the storage unit are contained
~among the index data on the punched card. If the number or
relative position of the registering elements not energized comp-
lies with the selection specifications, which is determined by
means of the selecting unit, adjusted for these specifications, the
card will be selected. ‘

This will become clearer if explained for our example. The

- index data of the non-local code zone shown in fig. 10 is repre-
sented by the punched bit pluralities My, M,, ..., M5, M;; (desig-
nated according to their respective line numbers). The question
data (fig. 11, 12) is represented by the pluralities M;*, M,* and
M;* (numbered by the line from top to bottom). For the first
question (fig. 11) among the" pluralities Mj shown in fig. 10
the pluralities M;;, M,;, and M, include the pluralities Mi*, M,*
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and M;* respectively. Therefore, when line 11 ot the card comes
under the brushes the registering element of the first question
characteristic will not be energized; when line 1 comes through,

the element of the second "question characteristic will not be
energized, and when line 4 goes through. the element of the third

characteristic will not be energized. Since the selection specifications

in our example consist merely in the requirement that all three ques-

tion characteristics be included in the index data on the punched

card, these specifications are fulfilled in this case and the card .
will be selected. For the second question (fig. 12) the plurality

M;z* is not included in any of the pluralities Mj, and therefore

the registering element of the third characteristic will be ener-

gized for all the lines of the card, which will register non-ful-

lilment of the selection specifications.

There will obviously be no difficulty in adjusting the wiring
of the selecting unit to simultaneously take account of the condi-
tion of the registering elements for several non-local code zones
and for superpositional, direct and local code zones, making it
possible to select the punched card in one run according to all

~ the selection specifications. If the capacity of the storage unit is
increased, it can be made also to hold several questions at once
and to select in one run all the cards complying with at least one
of the questions. This greatly increases searching speeds and
means less wear and tear for the cards. The selected cards are
then examined separately on each question. .
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5. Recording and Reading Information

The coded designations of the index data of the information
elemﬁnt are entered on a punch card by an operator using a card
punch. :

When the index data is encoded by superpositional,- direct or
local codes, to be entered as holes punched according to a defi-
nite pattern on the punch card, a conventional 80-cotumn card
punch is used. The design of this punch is slightly modified to
permit punching various numbers of holes in the same column of
the card (fig. 13).

When the index data are encoded after a non-local code, ac-
cording to which each characteristic is entered in one of the po- .
sitions of the card, two cases of recording are possible. In the
first, when the number of different primary code symbols is
large, recording is done by means of an ordinary card punch.
In the second case, when the number of different primary code
symbols does not exceed 40 or 50, the card punch is equipped
with a simple device for encoding the individual. symbols after
the accepted code. When recording, the card passes under the
punches of the punch mechanism several times, according to
the number of characteristics to be entered.

Another method may also be used for entering index data
by non-local code, based on the utilization of the duplicating
mechanism of the punch. In this method a master card is pre-
pared beforehand for each characteristic, the latter being punched
in a definite position on the card as a combination of holes.
The master cards ‘corresponding to the index data of the infor-
mation element are placed one by one in the duplicating ‘me-
chanism of the punch and the holes in them are duplicated in
various lines of one punch card.

The data punched on the cards are verified by another ope-
rator making a second set of cards, after which the two copies
are compared. When using the duplicating mechanism the cards
are verified automatically. ‘

— 35 -
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Fig. 14

A conventional verifier (fig. 14) may be used to verify the
data entered on the card, if the wiring of the verifier is altered
to allow each column to be. verified in more than one stroke.
Only one hole in the column is verified at each stroke.

After selecting the punched cards in accordance with any
specified question, the basic bibliographical on the data inform-
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ation elements contained in them have to be read. These data
are, for instance, the catalogue number or some other conven-
tional number. These data being entered on the card in the form
of punched holes, they have to be listed on paper to be read. .

Fig. 15

Listing from the punched cards may be done by means of
an ordinary or alphabetic tabulator. However, inasmuch as the
bibliographical data are compact and the time needed to list
them, say, with a typewriter, is not very great, a comparatively
inexpensive listing device is used for this purpose. This device
for listing data from punch cards consists of a motor-driven
typewriter and a conventional punch card verifier (fig. 15).
The two units are. electrically connected. _

The punched cards, the data of which have to be listed, are
placed in the magazine of the feed mechanism of the verifier
(fig. 15-a). When listing, the card passes under the scanning
mechanism of the verifier column by column, and the data are
transmitted as electrical pulses to the magnets of the typewriter
(fig. 15-b), which lists the data automatically on paper.
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6. EIM Design

The EIM machine (fig. 16) was built on the basis of a C 80-I
horizontal sorter and is an improved modification of the
latter. The improvements, intended to impart. to the EIM, the
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Fig. 16

required universality in fulfilling its taks, involved alterations
in the scanning mechanism and in the mechanism for entering
question data (storage unit); besides, an electrical wiring dia-
gram was developed and set up for automatic selection of the
required information.

« — 38 —

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9



T AT R e Y

Approved For Release 2008/04/25 : CIA-RDP80T00246A004400020002-9

N

The wiring diagram for automatic selection of information
required consists, essentially, of two sections. The first section
is the diagram for matching the information element characte-
ristics. The second is the diagram for registering the results
of the matching operations and controlling the device for trans-
porting the punched cards to the respective pocket of the machine.

The matching diagram has no electron tubes or relays and
is made up of inexpensive and reliable elements. The registering
diagram includes several electronic and relay elements, the num-
ber of which depends on the number of characteristics in the
question. The number of elements in the part of the registering
diagram which serves the matching diagram for characteristics
recorded by a non-local code must be equal to the number of
characteristics in the question. The part of the registering dia-
gram which serves the matching diagram for characteristics enter-
ed on the punch card in other codes requires only one element.
Such electrical wiring for automatic selection of information
provides the required universality of the EIM operation at low
cost and with sufficient reliability.

As has been mentioned above, the EIM can select information
entered on punch cards in codes of any kind,or combinations of
codes, except the ordinal code. Especially noteworthy is the pos-
sibility of selecting information simultaneously for several ques-
tion characteristics in one run of the batch of cards to be exa-
mined. The convenience of this method of selection is in the
possibility of introducing various specifications of logical rela- -
tions between the characteristics of the question. Special electronic
units were developed and included in the wiring diagram of
the EIM, permitting the introduction of logical specifications
beéween any 4 question characteristics entered in a non-local
code.

The additional units include an electronic counter for regis-
tering the number of question characteristics (from 1 to 4)
which coincide with the characteristics of the information element
examined. The capacity of the counter can be increased if necessary.
By using this counter information elements containing a certain
predetermined number of question characteristics can be selected.

An electronic selecting device has also been developed, by
means of which information elements containing, for instance,
the characteristics A and B or C, but not containing D, etc.
(pagel10) can be selected.

It should be noted that selection of information entered in
a non-local selector code, if the question contains only one
characteristic, can be done, using a very simple matching dia-
gram. - ,
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The principles of -design of the EIM wiring diagram make
it possible, if necessary, to increase the capacity of the storage
unit 5 to 8 times without great difficulty, thus permitting
information to be sélected simultaneously for several questions.

Like the conventional horizontal sorter, the EIM has a me-
chanism for feeding cards at a rate'of 400 per minute, and
a magazine, in which the cards to be examined are - placed
(fig. 16-a).

' When the EIM is set into. operation the cards are fed one
by one from the magazine to the brushes of the scanning unit
(fig. 16-b). Unlike the ordinary sorter, which has only 1 or 12

(machine with a selector device) brushes, the scanning unit
of She EIM has 80 brushes, one for each column on the punch
card. -

The question data are set up on a removable plugboard (fig. 16-c).
The same plugboard is used to set up the specifications for se-
lecting the required cards. A more -convenient storage unit of
greater capacity has been designed in the form of a keyboard.

Fig. 16-d. shows the registering elements of the wiring dia-
gram, which register the results of matching the cards. There
are 12 elements for non-local codes, and one for other codes.

The greater part of the EIM wiring is mounted on 2 special
panels (fig. 16-e).

The selected cards pass into pocket I (fig. 16-f), and the rest
go to pocket II (fig. 16-g).

Translated by D. Sobolev.
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